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Highest germination percentages of Watsonia fourcadei 
seeds were obtained at moderate temperatures (10 and 
1S 0 C}, with germination decreasing as temperature was 
increased. Application of gibberellin improved germination 
in most of the constant temperature regimes but failed to 
do so at alternating temperatures. Light stimulated 
germination at 1S, 2S and 2rc but had no significant effect 
at 10, 21 and 32°C. Kinetin substituted for the light 
requirement at 2S°C and significantly increased germination 
in the light and dark at 21 °C. Application of cysteine had 
no effect at 27 and 32°C, but increased germination in the 
dark, with an even greater effect in the light, at 21 °C. 
Germination was also increased by certain stratification 
treatments at soc. 
S. Afr. J. Bot. 1986, 52: 221-225 
Hoogste kiemingspersentasie van sade van Watsonia 
fourcadei is by matige temperature (10 en 1S 0 C) verkry, met 
'n afname in kieming soos temperatuur gestyg het. 
Toediening van gibberellien het kieming by die meeste 
konstante inkuberingstemperature verhoog, maar het geen 
betekenisvolle verhoging by wisseltemperature tot gevolg 
gehad nie. Lig het kieming by 1S, 2S en 2rc gestimuleer 
maar het geen betekenisvolle invloed by 10, 21 en 32°C 
uitgeoefen nie. Kinetien het die ligbehoefte by 2S°C vervang 
en het kieming in beide lig en donker by 21 oc verbeter. 
Toediening van siste"ien het geen invloed by 27 en 32°C 
gehad nie, maar by 21 oc is kieming in die donker 
gestimuleer met 'n nog grater verbetering in die lig by 
hierdie temperatuur. Kieming is ook deut sekere 
stratifiseringsbehandelings by soc verhoog. 
S.-Afr. Tydskr. Plantk. 1986, 52: 221-225 
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Introduction 
The Cape Floral kingdom, or fynbos, is floristically unique 
because of its high degree of species diversity and endemism 
(Taylor 1977). Tragically, many fynbos species have become 
extinct while even more are endangered (Bigalke 1979; Hall 
et a!. 1980). The reproduction biology of fynbos species is 
an important link in their survival and should, therefore, 
receive high priority in research on this biome. 
Although considerable attention has been devoted to 
research on germination of the South African Proteaceae (Van 
Staden & Brown 1977) and also Erica junonia Bolus (Small 
& Garner 1980; Small et a!. 1982), little is known of the 
germination behaviour of other fynbos species. A research 
programme on the subject was consequently commenced in 
this laboratory. Species examined were Watsonia jourcadei 
J.W. Matthews & L. Bol., Erica sessilijlora L.f., E. hebecalyx 
Benth and E. sparsa Lodd. This paper reports on research 
on the first of these species. 
Because nothing was known about the germination of W. 
jourcadei, a broad, exploratory approach was followed and 
the effect of various factors, which were known to affect 
germination of other fynbos species, was tested. Incubation 
temperature has an important effect on seed germination of 
proteaceous species, with moderate to low tempenitures 
tending to be optimal (Brown & Van Staden 1971; Brown 
& Van Staden 1973; Brown & Van Staden 1975a, 1975b). 
Other factors which have been shown to play an important 
role in germination of fynbos species are light (Van Staden 
1976), gibberellins (Van Staden & Brown 1977; Small & 
Garner 1980), cytokinins (Brown & Van Staden 1973; Van 
Staden & Brown 1977) and stratification (Brown & Van 
Staden 1973; Small & Garner 1980; Deall & Brown 1981). 
The effect of cysteine on germination of seeds of fynbos 
species has not been investigated before but a beneficial effect 
of this compound on germination of another endemic species, 
Strelitzia reginae, has been demonstrated (Van de Venter 
1978). 
Materials and Methods 
Seeds of Watsonia jourcadei, in open locules, were harvested 
from plants growing in the Waboomskraal area near George. 
The seeds were pooled and stored in glass bottles with screw-
cap lids under ambient conditions in the laboratory (c. 25°C). 
Germination trials were conducted under aseptic conditions. 
Seeds were surface-sterilized by immersing them for 20 sec in 
concentrated sulphuric acid followed by several rinses with ste-
rile, distilled water. The seeds were subsequently immersed in 
1 OOJo ethanol for one min followed by two min in a 0,20Jo HgCh 
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solution, after which they were again rinsed with sterile 
distilled water (Small & Garner 1980). 
After surface sterilization, seeds were placed into sterile Petri 
dishes (90 mm diameter) containing two discs of Schleicher 
and Schull number 595 filter paper and 7 cm3 sterile, distilled 
water or test solution. The water and test solutions were 
sterilized by passing them through a 0,2 !lm filter membrane. 
Twenty seeds were placed in each dish and each treatment 
replicated four times. Petri dishes in dark treatments were 
wrapped in a single layer of household aluminium foil while 
those of light treatments were placed in transparent poly-
ethylene bags to reduce water loss. Seeds in the dark treat-
ments were inspected only under a green safety light. 
Seeds were incubated in Labcon germination cabinets. Light 
was supplied by 'cool white' fluorescent tubes at an irradiation 
of 16 !-!E em - 2 s - 1. Germination counts were made after 
three weeks of incubation. 
Four experiments were conducted and for the purpose of 
analysis of variance, a factorial design was employed in each 
case. In the first experiment the effect of eight temperature 
regimes was tested in the light and dark , with or without added 
gibberellic acid (GA3) (0,5 mmol dm - 3). Six constant tempera-
ture treatments were applied (10, 15, 21, 25, 27 and 32°C) 
and two alternating temperature treatments (20/10 and 25/ 
10°C, 12 h at each temperature during a 24-h cycle). 
In the second experiment seeds were incubated in different 
kinetin concentrations (0; 0,05; 0,5 and 5 mmol dm - 3) at two 
temperatures (21 and 25°C). In the third experiment the effect 
of cysteine (1 mmol dm - 3) was compared to a control at three 
temperatures (21, 25 and 32°C). In the fourth experiment 
seeds were subjected to stratification treatments of one and 
two weeks at 5°C and subsequently germinated at 25°C in 
light or dark. 
Analyses of variance were conducted on arc-sine trans-
formed values of 
germination percentage 
100 
Values for lowest significant difference (LSDr) were calculated 
according to the formula of Tukey (Steel & Torrie 1960). 
Results 
The most obvious conclusion to be drawn from the study as 
a whole is that germination of W. jourcadei seeds is favoured 
by light and moderate temperatures. Light and temperature, 
as main effects, produced highly significant F-values through-
out the experiments. Means calculated on pooled data of all 
four experiments showed that germination in the light was 
571J!o while dark incubation resulted in 30% germination. 
Experiment 1. Effect of temperature, light and 
gibberellic acid 
Germination percentages recorded at the different tempera-
tures (data pooled for light and dark treatments) are listed 
in Table 1. Temperatures of 10 and 15°C resulted in highest 
germination percentages with values decreasing as temperature 
was increased. At 32°C germination percentage was approxi-
mately one-tenth of that at 10 and 15°C. Seeds incubated at 
alternating temperatures of 20/10°C germinated better than 
those at 25/10°C. Germination was nevertheless decidedly 
poorer than at a constant temperature of 10 or 15°C but was 
significantly improved over germination at constant tempera-
tures of 25°C and 21 oc. 
Both light and gibberellic acid treatments improved ger-
mination and both of these factors showed significant 
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Table 1 The effect of temperature 
on the germination of seeds of 
Watsonia fourcadei. (Transformed 
values appear in brackets) 
Temperature 
woe 
we 
21 oe 
25 °e 
27 oe 
32oe 
20/ JOoe 
25/ !0oe 
Percentage Germination 
94,68 (I ,39) 
94,37 (I ,33) 
55,62 (0,87) 
21 ,68 (0,37) 
19,50 (0,40) 
9,43 (0,27) 
88, 12 (1,24) 
66,56 (0,98) 
LSDT (0 , 10) 
interactions with temperature (Figures 1 and 2). There was 
no statistically significant interaction between light and 
gibberellic acid. 
The data presented in Figure 1 show that the beneficial 
effect of light was obvious at most intermediate temperatures 
(including alternating temperatures), but that light had no 
effect at the lowest (10°C) or highest (32°C) temperatures 
tested. Although the lack of a statistically significant response 
to light at 21 oc seems odd (compared to the significant 
responses at both 15 and 25°C), this result was confirmed 
in both the second and third experiments. 
Whilst treatment with GA3 stimulated germination at some 
temperatures (Figure 2), there was virtually no effect at 15°C 
or at alternating temperatures. 
Experiment 2. Effect of temperature, light and kinetin 
The lack of response to light by seeds of W. jourcadei at 
21 °C, is clearly demonstrated by the data represented in Figure 
3. Addition of kinetin to the germination medium resulted 
in a major increase in germination percentage. Response to 
all three levels of kinetin was similar, and an average germi-
nation percentage of 91,7% was at~ained. 
At 25°C seeds were light sensitive, but this requirement was 
significantly diminished by the addition of kinetin (Figure 3). 
Germination percentage in the light at 25°C was not sig-
nificantly improved by kinetin. Mean germination in the 
presence of kinetin (calculated on pooled values at all kinetin 
levels, in light and dark) at 25°C was only 28,8%. 
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Figure I The effect of incubation temperature and light on the 
germination of Watsonia jourcadei seeds. 
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Figure 2 The effect of incubation temperature and gibberellic acid 
(0,5 mmol dm - 3 GA3) on the germination of Watsonia jourcadei seeds. 
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Figure 3 The effect of different kinetin concentrations on the germina-
tion of Watsoniajourcadei seeds in the light and dark at 21 oc and 25 °C. 
Experiment 3. Effect of temperature, light and cysteine 
In the absence of cysteine it was, once again, obvious that 
seeds showed no light requirement at 21 oc (Figure 4). How-
ever, germination in the dark was significantly lower than in 
the light at higher temperatures (27 and 32°C). 
Application of cysteine significantly improved germination 
at 21 oc and germination in the dark was increased from 
22,507o to 650Jo. Application of cysteine, however, induced a 
light sensitivity in the seeds. Mean germination percentage in 
the light + cysteine treatment at 2!°C was 97,50Jo. Trans-
formed values are presented in Figure 4 in order that com-
parisons can be made using the calculated LSDT-value. 
At both 27°C and 32°C, treatment with cysteine did not 
lead to statistically significant differences in germination 
percentage. 
Experiment 4. Effect of stratification 
Both stratified and unstratified seeds germinated significantly 
better in light than in dark (Figure 5). In the case of dark incu-
bation, both the one week and two week stratification treat-
ments raised germinating percentage from 2,507o to 17,507o. 
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Figure 4 The effect of cysteine (I mmol dm - 3) on germination of 
Watsonia jourcadei seeds in the light and dark at different temperatures. 
In the light treatment, a stratification period of two 
weeks resulted in a germination percentage (52,507o) which 
differed only slightly from that of the control (51 ,25% ). A 
stratification period of one week, however, proved to be very 
successful, resulting in a germination percentage of 87 ,507o 
(transformed value I ,21 - see Figure 5 where transformed 
values are used). 
Discussion 
The fact that germination of W. jourcadei is favoured by 
moderate temperatures (15°C and below) and is drastically 
reduced as the temperature is increased to 21 oc and above, 
implies that germination in the field will be largely restricted 
to the cooler months. This is not surprising as precipitation 
in many of the areas under fynbos is mainly during the cooler 
months with summers tending to be dry. Seeds of W. jour-
cadei are relatively small and selection pressure in the case 
of small seeds is likely to be toward completion of the seedling 
stages while the environment is mesic (Mott & Groves 1981). 
A moderate to low optimum temperature for gennination has 
also been demonstrated for other fynbos species, such as 
Protea compacta (Brown & Van Staden 1975a) and Leuca-
dendron daphnoides (Brown & Van Staden 1975b). 
Whether increased temperatures are simply supra-optimal 
or whether thermodormancy is induced in seeds of W. jour-
cadei, was not ascertained. 
There appears to be no positive effect of alternating tempe-
ratures per se on germination. Germination percentages of 
diurnal temperature regimes approximated those of their 
means. 
224 
1,2 
..... 
In 
1,0 u 
::a 
ii ,. 
"a e o,s 
.. 
a 
-
In 
1: 
• 0,6 ..
-
.... 
= 0,4 
::E 
II: 
.... 
ca 
0,2 
/ 
0 
/ 
/ 
/ 
/ 
/ 
• 
• 
.-•---- ----· / 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
-Light 
....... Dark 
1 
STRATIFICATION PERIOD 
(weeks at 5 <>c J 
ILSDT 
2 
Figure 5 The effect of stratification of Watsonia jourcadei seeds at 
5°C for one and two weeks on subsequent germination at 25°C in the 
light and dark . 
The seeds of W. jourcadei showed higher germination 
percentages in light than in darkness. Fynbos species differ 
in this respect, with seeds of Protea cynaroides also being 
stimulated by light while those of P. exima, P. grandiceps 
and Leucospermum nutans germinate better in the dark (Van 
Staden 1966). 
Whether the reaction of W. jourcadei to light bears any 
relation to an ecological advantage in its natural habitat is 
not known but Mott & Groves (1981) are of the opinion that 
a light requirement in small seeds can be expected to be of 
general adaptive significance by restricting germination to 
situations in which photosynthesis of seedlings can take place 
effectively. 
The effect of light on germination is known to be capable 
of modification by interactions with other environmental 
factors (Mayer & Poljakoff-Mayber 1975). In the present 
study such an interaction with temperature was found. At the 
two extremes tested (10°C and 32°C) light failed to stimulate 
germination while it was effective at most intermediate tempe-
ratures. The interaction at the lower end of the temperature 
range is comparable to results with Eucalyptus camoldulensis 
in the sense that the extent of stimulation of seed germination 
by light in this species decreased as optimal temperature was 
approached (Grose & Zimmer 1957). 
At an incubation temperature of 21 oc some complex and 
enigmatic interactions were evident: 
(a) Seeds were insensitive to light although light was stimu-
latory at 15°C and 25°C. 
(b) Application of cysteine at 21 oc led to an increase in 
germination percentage in the dark. A sensitivity toward 
light was obviously induced by cysteine as a further 
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increase in germination was obtained when seeds were 
exposed to light. At temperatures above 21 °C, cysteine 
did not significantly change the germination response in 
light or dark. 
(c) Application of kinetin stimulated germination at 21 oc; 
the magnitude of response was similar in dark and light. 
Kinetin failed to increase germination in the light at 25°C 
but substituted for light in the dark treatments. 
At this stage no explanations can be offered for these 
observations. Interactions between temperature and light 
(Cumming 1963; Scheibe & Lang 1966; Hsiao & Vidaver 1984) 
as well as temperature and kinetin (Reynolds & Thompson 
1973; Elkinawy & Hemberg 1974) in seed germination have 
been demonstrated for various species. 
Exogenous gibberellins result in various responses, de-
pending on the species in question, but their action as a 
substitute for light is well known (Johnston 1977). This study 
on W. jourcadei showed no significant interaction between 
light and gibberellic acid. Although gibberellin stimulated 
germination at constant temperatures, it was without effect 
at alternating temperatures suggesting that a deficiency of this 
growth substance does not occur under normal conditions in 
the field . 
It seems that the stimulatory effect of stratification is a 
relatively common phenomenon amongst fynbos species. Such 
a reaction was found in this study for W. jourcadei and has 
also been reported for proteaceous seed (Van Staden & Brown 
1977) and Erica junonia (Small & Garner 1980). Watsonia 
jourcadei is benefited by a stratification treatment of short 
duration and is further evidence pointing to probable maxi-
mum germination of this species in the winter months in the 
field. 
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